and Burgess (1961) , for He by Tully (1960) , for lithium-like ions (Be, C 3 , O, and 9+) by Belly, Tully, and Van Regemorter(1963) , for sodiumlike ions (Mg, Si 3 , and Fe 15 ) by Belly, Tully, and Van Regemorter (1963) ;aiso by Kreuger and Czyzak (1965) , and for potassium-like ions (Ca t ) byVan Regemorter (1960 Regemorter ( , 1961 . The close coupling approximation has been used in the calculation of the excitation cross section for and for Except for the case of ls2s transition in He there are no experimental data to compare with these calculations.
For He+, where experimental data are available, the theoretical threshold behavior is different from the experimental one.
In this paper,5 we have used the Coulomb-Born approximation in conjunction with the eikonal and classical approximations. The method is applicable only for the excitation of highly ionized atoms at high incident energies. Thus, we have calculated the total cross sections for the 3s -3p and 3p -3d excitations of the €odium-like ions 15+ 16+17+ 18+ Fe , Co , Ni , and Cu .
In this calculation, we assume that all electrons are distinguishable, thus, neglecting the exchange amplitude. It is shown 6 i by Matt and Massey t.hat at high ncident energies, where the Born UCRL-19731 approximation is valid, the exchange amplitude is very small relative to the direct scattering amplitude, and if the transition can occur only through exchange, the cross section will be small and dIops rapidly with ener. Since we are working at high energies (k.>> 1), we expect the exchange amplitude to be small. However, the exchange amplitude can easily be included in the Coulomb-Born approximatIon, and this will be the subject of a later paper. 
where k and k' are the momenta of the incident and scattered electrons respectively. On the other hand, the validity of the classical theory of elastió scattering requires' 0
Thus, it is for highly ionized atoms and at high incident energies that there is a region of overlap for the validity of these two approximations.
This range is defined by • i <Kk << 4z
In the eikonal approximation we have
where the eilconal function S is d.efined by a path integral along the * classical trajectory:
Replacing (5) into (1) for D' + 22 = +2
• a22
The arguments of the phase factors eiØ(s) and •e i Ø'(s!) are given by 
where y = Zk. To get S we integrate along the prescribed path and impose the asymptotic conditions: 11
Sk(r) k r + y £n(k + k. r) .
In order to calculate a111 a221 aj1 , and a 2 we need to know the Explicit expressions for all of the radii of curvature pertaining to this problem are given in Appendix A.
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Finally, in order to evaluate
we approximate the wave functions Vni.efmf and 'ntm by hydrogenictype wave functions. Using the expansion
and 13
C-M
mJ CO" 0 0J
we get, after performing some simple integrals, 
\0 O9\'mJ 
Im for (32)
L'
for To get the expression for V(r) we make the following substitutions in Vf (r 0 ):
cos 0 -cos 0' = ( 33b) figures we have plotted total cross section against €, which is the energy of the incident electron in units of the excitation energy.
In Fig. 7 , we have plotted a typical differential cross section. One general feature of these figures is that for any ion the total cross section for the 3p -3d transition is smaller than that of the 3s -3p
transition. Furthermore, the total cross section for the 3p .-3d transition varies more Tslowly. than that of the 3s -3p transition. Another general feature is that the total cross sect.ion decreases. as the ionic charge increases Of these four ions that we have considered, only FelS+ has been dealt with in the literature. There aretwo independent calculations of the total cross sectiOn for the 3s 3p transition of Fe 15 .
One calculation is by Belly, Tully, and Van Regemorter; the other calculation is by Kreuger and Czyzak. The latter.have also calculated 15+ the total cross section for the 3p -3d transition of Fe . These two calculations are done in the Coulomb-Born approximation and include energies up to € = 4. For these relatively low energies, our procedure is not expected to be valid. However, if we extrapolate our result down to € = 4, we find that the total cross section for the 3s -excitation of Fel5+ as calculated by these two groups, is about fourteen times as large as our result (at c = 4). However, the ratio ott(3s -.3P) -3d)
in our calculation agrees with the same ratio in the calculation of Kreuger and Czyzak. We have also compared our result with that of the 
for the case of Fig. (2a) , and . .
for the case of Fig. (2b) . Here we have defined
e) = where
2)
Here, z 2 is related to z by a rotation about the origin through an angle2 -Similarly, is related to z by a rotation through • 
